In 2008, the Canadian National Advisory Committee on Blood and Blood Products (NAC) published a policy framework for the use of recombinant factor VIIa (rFVIIa) in massive bleeding (Moltzan et al., 2008) . Its purpose was to provide Canadian hospitals with recommendations on the medical and prerequisite conditions for appropriate use of rFVIIa based on the existing medical literature. At that time, increasing use of off-label rFVIIa was being reported (Cameron et al., 2007; Isbister et al., 2008; Karkouti et al., 2008) and at a cost of over CDN$1000 per mg, Correspondence: Yulia Lin, MD, FRCPC, 2075 Bayview Avenue, Room B204, Toronto, Ontario, Canada M4N 3M5.
Tel.: +416 480 6100 ext 2781; fax: +416 480 6035; e-mail: yulia.lin@sunnybrook.ca Re-use of this article is permitted in accordance with the Terms and Conditions set out at http://wileyonlinelibrary.com/onlineopen #OnlineOpen_Terms concerns about its costs, benefits and risks were justified. Since that time, the number of available controlled clinical trials has doubled and more data have been published on the potential risks of rFVIIa. The objective of this article is to update the policy framework for the Canadian setting by reviewing the updated literature available on the benefits and risks of rFVIIa in patients without haemophilia. Particular questions of interest are as follows: What is the current use of rFVIIa in Canada? What is the evidence for the use of off-label rFVIIa in the most commonly used clinical settings? What are the benefits of rFVIIa? What are the risks? On the basis of these updated findings, what are the NAC recommendations on the use of off-label rFVIIa in patients without haemophilia?
BACKGROUND
The NAC is an interprovincial medical and technical advisory body to the provincial and territorial health ministries that fund the blood system in Canada. In 2006, the NAC assembled a panel of 11 experts to review the evidence from randomised clinical trials to reach consensus on the use of rFVIIa in a variety of off-label settings. The recommendations and conclusions were based on interpretation of the available evidence and where evidence was lacking, on consensus expert clinical opinion (Moltzan et al., 2008) .
In 2011, an update of the policy framework was planned. A review of the literature was conducted based on a search strategy published in the most recent Cochrane systematic review (Simpson et al., 2012) . Briefly, the search strategy included MEDLINE, EMBASE, CINAHL and CENTRAL (Cochrane Central Register of Controlled Trials, The Cochrane Library 2011, Issue 1) databases and was conducted up to March 2011. The literature search focused on controlled clinical trials on rFVIIa in patients without haemophilia. Data were summarised and presented to a panel of transfusion medicine experts on the NAC. The policy framework was revised taking into account the new data available and presented to the NAC members for feedback in November 2011. Modifications arising from the consultative process were incorporated into this document. 
TRENDS IN rFVIIa USE
Although rFVIIa was licensed in 1999 in Canada (Health Canada, 2005) and the United States (Center for Biologics Evaluation and Research, 1999) for the treatment of bleeding in haemophilia A/B patients with inhibitors, it was recognised early on that rFVIIa could be exploited for its haemostatic effect (Kenet et al., 1999) and used off-label in a variety of complex clinical situations to prevent or treat significant bleeding. In fact, its use continued to grow at least until 2008 when reports showed that only 1-3% of patients being treated with rFVIIa had haemophilia Phillips et al., 2011) . In the report of American hospitals, use of off-label rFVIIa increased by 143-fold from 2000 to 2008. In 2008, the top indications for in-hospital use of rFVIIa were cardiac surgery (27%), trauma (18%) and intracranial haemorrhage (ICH; 11%) (Phillips et al., 2011) . Similarly, the largest users in 2009 were cardiac surgery patients (45%), patients who had undergone 'other surgery' (18%) and trauma (13%).
In Canada, the trends in rFVIIa issues from Canadian Blood Services (the nation's sole blood supplier with the exception of the province of Québec) showed a rise until 2008 and then a slight decline in 2009 and 2010 (Fig. 1; David Howe, Executive Director, Product & Hospital Services, Canadian Blood Services, 23 September 2011, personal communication) . In fact, data from a Canadian registry of off-label rFVIIa use confirms this trend (Keyvan Karkouti, Department of Anesthesia, University of Toronto, 7 November 2011, personal communication). The registry included 16 Canadian hospitals and captured data on off-label use at each site between 2007 and 2010. These 16 hospitals accounted for approximately 80% of cardiac surgery cases performed in Canada. The main indications in the off-label registry were comparable to our international counterparts with cardiac surgery (71%) being the predominant indication followed by trauma (7%), ICH (7%) and liver/abdominal surgery (4%).
RANDOMISED TRIALS OF USE OF rFVIIa IN PATIENTS WITHOUT HAEMOPHILIA
To date, there have been 27 published randomised controlled clinical trials (RCTs) on the use of off-label rFVIIa. The studies have been conducted in a variety of settings. The following sections focus on situations where off-label rFVIIa is most commonly used in Canada and where there is more than one RCT to guide our decisions.
Cardiac surgery
Five RCTs have been conducted in patients undergoing cardiac surgery: four RCTs where rFVIIa was given after heparin reversal post-cardiopulmonary bypass (CPB; Diprose et al., 2005; Ekert et al., 2006; Ma et al., 2006; Essam, 2007) and one RCT in the immediate post-operative setting (Gill et al., 2009 ). Diprose et al. evaluated rFVIIa in reducing transfusion and found a reduction in the need for transfusion in 20 patients undergoing complex non-coronary cardiac surgery requiring CPB. Ma et al. evaluated rFVIIa in 22 patients undergoing cardiac valve surgery with CPB. No specific primary outcome was stated but a reduction in transfusion was observed with rFVIIa. Essam evaluated 30 patients undergoing elective coronary revascularisation. No specific primary outcome was defined but a decrease in chest tube drainage favouring rFVIIa was noted. All three studies were small and did not show a mortality benefit. Ekert et al. studied 82 infants with congenital heart disease requiring CPB. The primary outcome was time to chest closure. They found prolonged time to chest closure with rFVIIa and no difference in blood loss or transfusion requirements. Finally, Gill et al. studied 179 patients who had undergone surgery requiring CPB but had been in the post-operative care environment for at least 30 min and had met a defined bleeding rate for rFVIIa administration. The primary outcome was serious adverse events. There were more serious adverse events in the rFVIIa group, although this was not statistically significant. Secondary outcomes including need for reoperation for bleeding and allogeneic blood transfusion favoured the rFVIIa group.
A recent systematic review did explore the role of rFVIIa in the cardiac surgery setting . This included two RCTs (Diprose et al., 2005; Gill et al., 2009 ) as well as four observational studies. The review found that there was no mortality benefit and an increase in thromboembolic (TE) events with rFVIIa [risk difference (RD) 0·05; 95% CI: 0·01 to 0·10]. On the basis of the current available data, rFVIIa is not recommended in the treatment of patients undergoing cardiac surgery requiring CPB.
Trauma
There have been two publications on the use of rFVIIa in trauma (Boffard et al., 2005; Hauser et al., 2010) . Both publications reported simultaneous RCTs in a blunt and penetrating trauma population. The first publication (Boffard et al., 2005 ) was a multicentre study on patients with severe trauma randomised after the sixth RBC unit had been administered. The primary endpoint was the number of RBC units transfused during the 48-h period after the first dose of study drug. There was no difference between the control group and rFVIIa groups for either blunt or penetrating trauma. However, when only blunt trauma patients alive at 48 h were considered, there was a statistically significant reduction of 2·6 units with the use of rFVIIa (P = 0·02). There were no differences in the secondary outcomes of 48-h or 30-day mortality. The second publication (Hauser et al., 2010) was a phase 3 multicentre RCT in bleeding blunt and/or penetrating trauma patients. Patients were treated with study drug after receiving four units of RBCs. There was no difference in the primary outcome of 30-day mortality between the rFVIIa and placebo groups. This study was terminated early because of a lower than expected mortality rate and a high likelihood of futility in demonstrating the primary endpoint favouring rFVIIa in the blunt trauma population.
A systematic review of these two trials did not show a benefit in mortality, nor did it show an increase in TE complications . It did, however, show a benefit favouring rFVIIa in reducing the risk of acute respiratory distress syndrome (RD −0·05; 95% confidence interval (CI): −0·02 to −0·08). Given the lack of mortality benefit, rFVIIa is not recommended in the treatment of patients with blunt or penetrating trauma.
Spontaneous ICH
There have been four RCTs evaluating rFVIIa in spontaneous ICH administered within 3 h of symptom onset (Mayer et al., 2005a (Mayer et al., ,b, 2006 (Mayer et al., , 2008 . Two studies had primary outcomes of adverse events and found no significant differences between placebo and rFVIIa (Mayer et al., 2005b (Mayer et al., , 2006 . The phase II trial evaluated the percent change in ICH volume at 24 h and showed that ICH volume increased more in the placebo group than the rFVIIa group (Mayer et al., 2005a) . Secondary outcomes suggested that severe disability and mortality were improved in the rFVIIa group; however, the rFVIIa group also had a trend to increased risk of adverse thrombotic events. The phase 3 study on 841 patients was designed with a primary combined outcome of severe disability or death at 90 days after ICH (Mayer et al., 2008) . There was no difference in the combined outcome between the rFVIIa treated groups compared with placebo and in fact, a statistically significant increase in arterial events was observed in the group receiving 80 mcg kg −1 rFVIIa compared with placebo. It should be noted that there are two ongoing RCTs (initiated in 2010 and 2011) examining the role of a single dose of 80 mcg kg −1 rFVIIa in a subgroup of patients with acute ICH who have a 'spot sign' on computed tomography (CT) angiography indicating contrast extravasation and active bleeding (Flaherty & Jauch, 2011; Gladstone et al., 2011) . The estimated dates of completion for these studies are 2013 and 2015, respectively. A systematic review of the ICH RCTs and one observational trial did not show benefit in mortality or poor functional outcome with the use of rFVIIa . However, an increase in arterial thromboembolism was seen with rFVIIa for medium (>40 but <120 mcg kg −1 ) and high (≥120 mcg kg −1 ) doses (medium RD 0·03, 95% CI: 0·01 to 0·06; high RD 0·06, 95% CI: 0·01 to 0·11). As a mortality benefit has not been shown and there is increased risk of arterial thromboembolism, rFVIIa is not recommended for the treatment of ICH.
Liver transplantation
Three RCTs evaluated the effect of rFVIIa in orthotopic liver transplantation (OLT). The two larger studies (209 and 87 patients, respectively) had a primary outcome of transfusion requirements and neither study showed a difference between placebo and rFVIIa groups (Lodge et al., 2005a; Planinsic et al., 2005) . The third study consisting of 20 patients did not state a primary outcome but found a decrease in INR, blood loss and transfusion requirements (Pugliese et al., 2007) . No mortality benefit was seen in any of the studies. rFVIIa use in the treatment of patients undergoing OLT is not recommended.
Liver resection
Two RCTs evaluated the effect and safety of rFVIIa in partial hepatectomy (Lodge et al., 2005b; Shao et al., 2006) . Both studies had a primary outcome of transfusion requirements and neither showed a difference in the required RBC units between placebo and rFVIIa groups. rFVIIa use in the treatment of patients undergoing surgery for liver resection is not recommended.
Cirrhosis with gastrointestinal bleeding
Two RCTs evaluated rFVIIa in controlling upper gastrointestinal bleeding (UGIB) in patients with cirrhosis when administered as an add-on to standard therapy (Bosch et al., 2004 (Bosch et al., , 2008 . The primary outcome in both studies was failure to control bleeding. In the initial RCT, there was no difference observed (Bosch et al., 2004) . However, a subgroup analysis suggested that there might be benefit of using rFVIIa in patients with more advanced liver disease (Child Pugh class B and C). The second RCT specifically included Child Pugh class B and C patients with cirrhosis and variceal bleeding (Bosch et al., 2008) . Again, there was no difference in the primary outcome of failure to control bleeding. rFVIIa use in the treatment of UGIB in patients with cirrhosis is not recommended.
Other settings
In addition to the RCTs outlined in the previous sections, offlabel rFVIIa has also been studied in liver biopsy (Jeffers et al., 2002) , prostatectomy (Friederich et al., 2003) , pelvic fracture (Raobaikady et al., 2005) , haematopoietic stem cell transplant (Pihusch et al., 2005) , dengue haemorrhagic fever (Chuansumrit et al., 2005) , burn patients requiring surgery (Johansson et al., 2007) , spinal fusion surgery (Sachs et al., 2007) , traumatic ICH (Narayan et al., 2008) and craniofacial reconstruction (Hanna et al., 2010) . All these studies were small with 100 patients or less and only four had more than 50 patients (Jeffers et al., 2002; Pihusch et al., 2005; Sachs et al., 2007; Narayan et al., 2008) . No mortality benefit was seen in any of these studies. The effect of rFVIIa on the primary outcome of these RCTs is summarised in Tables 1 (prophylactic RCTs where rFVIIa was used to prevent bleeding) and 2 (therapeutic RCTs where rVIIa was used to treat bleeding). Given the limited data, these studies do not demonstrate sufficient evidence to recommend the use of rFVIIa in any of these indications.
SUMMARY OF BENEFITS OF rFVIIa
The benefits of rFVIIa can be considered across the clinical trials that have been conducted. The recently updated Cochrane systematic review (Table 3) included RCTs of off-label rFVIIa and divided RCTs into prophylactic and therapeutic studies (Simpson et al., 2012) . There were 16 prophylactic RCTs where rFVIIa was used to prevent bleeding (Jeffers et al., 2002; Friederich et al., 2003; Diprose et al., 2005; Lodge et al., 2005a,b; Planinsic et al., 2005; Raobaikady et al., 2005; Ekert et al., 2006; Ma et al., 2006; Shao et al., 2006; Essam, 2007; Johansson et al., 2007; Pugliese et al., 2007; Sachs et al., 2007; Gill et al., 2009; Hanna et al., 2010) . All these studies were perioperative giving rFVIIa either before the procedure or at a distinct bleeding trigger in the perioperative setting (Sachs et al., 2007; Gill et al., 2009) . Thirteen RCTs were considered therapeutic where rFVIIa was administered to bleeding patients (Bosch et al., 2004 (Bosch et al., , 2008 Boffard et al., 2005; Chuansumrit et al., 2005; Mayer et al., 2005a Mayer et al., ,b, 2006 Mayer et al., , 2008 Pihusch et al., 2005; Narayan et al., 2008; Hauser et al., 2010) . Each of the trauma publications were considered as two RCTs reporting results of a blunt and penetrating trauma population within a single publication (Boffard et al., 2005; Hauser et al., 2010) . The results are summarised in Table 2 . In the prophylactic studies, there was no difference in mortality. A non-significant trend was noted towards a decreased number of patients transfused with the use of rFVIIa. However, when volumes of total blood loss and RBCs transfused were considered, only modest differences (approximating one RBC unit) favouring rFVIIa were noted. It is important to emphasise that these results likely overestimate the effect of rFVIIa because (i) smaller studies that showed larger benefit were heavily weighted because of very precise estimation of blood loss and (ii) results from larger negative RCTs were not reported in such a manner (i.e. means and standard deviations or medians and interquartile ranges) so that they could be included in the pooled estimates. For therapeutic studies, there was no difference in mortality, control of bleeding or amount of red blood cells transfused. There was a trend to decreased number of patients transfused but this was based on a pooled estimate from only three RCTs. Although no significant increase in TE events was observed in the prophylactic or therapeutic RCTs, when TE events were combined across all 29 trials, there was a significant increase in arterial TE events (relative risk 1·45, 95% CI: 1·02 to 2·05). Overall, the review concluded that based on the available RCTs, there was little evidence of benefit for the use of off-label rFVIIa in patients without haemophilia. From the available RCT data, there is little evidence of a mortality benefit of off-label rFVIIa. No single trial showed a mortality benefit with the exception of the phase 2 RCT in ICH where mortality was a secondary outcome (Mayer et al., 2005a) ; the larger phase 3 RCT in ICH powered to detect a mortality difference was negative (Mayer et al., 2008) . Other signals support this conclusion. Improved outcomes with higher doses of rFVIIa were not observed in either of the recent systematic reviews described above Simpson et al., 2012) . Follow-up larger RCTs did not reinforce earlier promising results specifically in the setting of trauma (Hauser et al., 2010) , ICH (Mayer et al., 2008) and gastrointestinal bleeding in cirrhosis (Bosch et al., 2008) . Even for the outcomes of blood loss and red cell transfusion requirements, the amount saved was modest and likely overestimated.
It is important to note, however, that the use of rFVIIa in the RCTs reported may differ from situations where rFVIIa may be used as a 'last ditch' effort or in what could be termed as 'refractory' bleeding. These are situations where its efficacy has not been formally assessed such as in the setting of massive bleeding in obstetrical bleeding or in the management of life-threatening bleeding associated with new oral anticoagulants such as direct thrombin inhibitors or factor Xa inhibitors. These patients with 'refractory' bleeding are not the patients included in the RCTs conducted to date where typically rFVIIa was used in anticipation of bleeding or at a defined point earlier in the resuscitation of a bleeding patient. Patients with refractory bleeding are more likely to be found in observational reports and registries where no well-matched control group is available for comparison, nor a group using an alternative intervention (e.g. tranexamic acid or fibrinogen concentrates). These observational reports are prone to patient selection bias and observer bias as the treatment is not masked and lack generalisability (Dzik, 2006) . Interpretation of the effect of rFVIIa in refractory bleeding is further hampered by the complex coagulopathy that exists in these situations and the multiple blood components, blood products and potentially haemostatic drugs administered concurrently with rFVIIa. On the other hand, the haemostatic effect of rFVIIa may be negated by physiologic conditions such as hypothermia and acidosis (Meng et al., 2003) , which have been shown to adversely affect rFVIIa's effect. Registry data have reinforced the lack of benefit of rFVIIa under acidotic conditions (Isbister et al., 2008; Karkouti et al., 2008; Phillips et al., 2011) . A discussion of the management of massive bleeding is outside the scope of this review; however, a recent consensus conference statement on massive transfusion may provide additional guidance to hospitals on this challenging topic (Dzik et al., 2011) .
RISKS OF rFVIIa
Because rFVIIa is a procoagulant agent, the primary concern about its toxicity is the risk of TE events. Both the Cochrane review (Simpson et al., 2012) and the review by Yank et al. (2011) reported increased risks of arterial TE events as described above.
The most comprehensive review to date specifically examining the safety of off-label rFVIIa was conducted by Levi et al. (2010) on data from 26 RCTs involving patients. The overall rate of arterial TE events was higher with the use of rFVIIa compared with placebo (5·5 vs 3·2%, P = 0·003), specifically there was an increase observed in coronary events (2·9 vs 1·1%, P = 0·002).
No difference was observed in venous TE events (5·3 vs 5·7%). A striking finding was the increase in risk of arterial TE events with increasing age. Compared with patients of <18 years of age, a higher risk of TE events were observed in patients aged 65-74 years (odds ratio 2·11; 95% CI: 0·95 to 4·71) and even higher for those ≥75 years (odds ratio 3·02, 95% CI: 1·22 to 7·48). Similar to the Yank et al. review, the risk of arterial TE events increased with dose in the setting of ICH. The risks of TE events reported in clinical trials may underestimate the true risk of TE events with rFVIIa. The RCTs included in these reviews (i) did not actively screen for TE events, (ii) excluded patients who had a recent history of TE events and (iii) may have limitations in generalisability given that only a minority of patients who were screened were enrolled into the trials. Translating these risks to the real world was raised as a concern by O' Connell et al. (2006) , who reported on the serious TE events associated with rFVIIa reported to the United States Food and Drug Administration (FDA) Adverse Event Reporting System. Three important observations were made: (i) 90% of reports occurred when rFVIIa was used outside of its labelled indication, (ii) 65% of the reports occurred in patients outside of clinical trials and (iii) 38% of reports occurred in the setting of concomitant haemostatic agents, including blood products (plasma, platelets and cryoprecipitate) and antifibrinolytics. Although these findings are limited by passive surveillance, these observations do suggest that the risk of thromboembolism reported in RCTs may underestimate risks in the real world where sicker patients are treated with off-label rFVIIa in situations where other procoagulant blood products or drugs are also being used.
NAC RECOMMENDATIONS ON THE USE OF OFF-LABEL rFVIIa
Given the absence of evidence of benefit and with evidence of the risk of harm, the NAC recommends that rFVIIa no longer be used for the off-label indications of prevention and treatment of bleeding in patients without haemophilia. The NAC recognises that ongoing clinical trials are evaluating rFVIIa and that this recommendation will be reconsidered if favourable findings of clinically important benefits outweighing the risks are observed.
CONCLUSION
Current available evidence does not support the use of off-label rFVIIa for massive bleeding. Mortality benefits have not been demonstrated in randomised controlled trials. Other benefits such as reduced transfusion or blood loss are modest and may be overestimated. Contrarily, an increase in arterial TE events has been observed. Given the absence of evidence of benefit and with evidence of the risk of harm, the NAC recommends that rFVIIa no longer be used for the off-label indications of prevention and treatment of bleeding in patients without haemophilia.
